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This paper develops a new life cycle model that aims to describe the savings and asset
allocation decisions of boundedly rational agents. The paper’s main theoretical contribution
is the provision of a simple, tractable and parsimonious framework within which agents
make forward looking decisions in the absence of full contingent planning. Instead, agents
pursue two simple so-called feasibility goals. The paper uses this framework to shed light
on important empirical patterns of asset allocation that are puzzling from the point of view
of existing models.
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Within the last ﬁfteen years it has become common to look at ﬁnancial life cycle decisions
through the lens of what may be dubbed the buffer-stock model of life cycle saving (Carroll,
1997).1 This represents the modern form of the economic life cycle model. According to this
model, individuals maximize the discounted sum of per-period expected utilities, while being
exposed to non-insurable labor income shocks, and while facing borrowing constraints. This
model has been partially successful in that its numerical predictions come relatively close to
empirically observed consumption and savings proﬁles over the life cycle. The model has been
much less successful when it comes to asset allocation. In this respect, the model is basically
unable to explain the data in a reasonable way. In particular, the model predicts rates of stock
ownership among the population that are far to high. Furthermore, it typically also predicts
equity portfolio shares that are substantially higher than observed in the data. Importantly, this
holds for a wide variety of circumstances, including the presence of ﬁxed costs of stock market
participation or the possibility of extreme labor income shocks, among others.2
Taking one step back, there is a more general reason why many economists are concerned
about the modern life cycle model. As has been argued forcefully by Richard Thaler (1994, p.
187), “saving for retirement appears to be a domain where economists should be particularly
worried about the issues raised by bounded rationality.” This is likely to hold not only with
respect to retirement saving but more generally with respect to life cycle saving and asset allo-
cation. Subsequent studies have formally established that Richard Thaler has had a point. Allen
and Carroll (2001) have explored whether boundedly rational agents could plausibly learn the
life cycle model’s predicted behavior, starting with trial and error. Their ﬁnding is staggering:
Yes, but it would take about one million years! Intuitively, the reason is straightforward. There
is little opportunity to learn how much to save and how to invest at the ages of 30, 40, 50 etc.
1Representative studies include, among others, Hubbard et al. (1995), Carroll (1997), Laibson et al. (1998),
Cocco et al. (2005), Scholz et al. (2006)
2See Section 6 for a further discussion.
1Moreover, positive or negative feedback from one’s actions at particular ages lags substantially,
which further slows down learning. Lettau and Uhlig (1999) demonstrate that it is even ques-
tionable whether consumers would ever learn the “right” rule. In other words, it is by no means
guaranteed that learning would lead to convergence to the optimal solution of the model.
The main reason why decision making is so complex in the case of the modern life cycle
model (henceforth called the standard model) is its requirement of full contingent planning. As
mentioned above, the model assumes that agents maximize the discounted sum of expected per-
period utilities from consumption. Suppose that an agent makes a savings or asset allocation
decision today. In order to do so, she is required to anticipate her optimal decisions in any future
contingency. Otherwise, the expected utility terms in the objective function would simply not
be deﬁned. In other words, it is not possible to decide on what is optimal today, independently
of deciding on optimal actions in the future for all possible contingencies. In the presence of
a realistic amount of uncertainty, decision making thus becomes extremely complex and full
contingent planning may greatly exceed the capabilities of boundedly rational agents.3
This paper takes it as given that it is desirable to search for alternative models that offer a
more plausible description of ﬁnancial life cycle decision making by boundedly rational agents.
The search for such models is also driven by the hope that they would be better able to explain
observed asset allocation choices, while explaining consumption-saving choices at least equally
well. The approach I pursue is to cut out the main source of complexity in the standard model,
namely full contingent planning. The difﬁculty of developing such new models of bounded
rationality stems from the fact that there is no existing framework to build on.4 The provision of
3The importance of this has often been downplayed by referring to the argument that agents do not actually need
to solve this complicated problem, but they may behave “as if” they knew how to solve it. Since Milton Friedman,
it is common to refer to the example of a billiard player who may be very good at directing the movements of his
balls, even if he is ignorant of the equations describing these movements. There is a key difference between life
cycle saving and playing billiard, however. While the billiard player has the opportunity to train under identical
circumstances as often as he likes, this possibility is absent in the case of life cycle saving. You are 30 years old just
once. Moreover, if the as-if argument did hold, then we would expect it to be much better at explaining individuals’
asset allocation choices.
4See, for instance, the following quote from Laibson et al. (1998, p. 101): “It is not clear how to [weaken
assumptions about consumer sophistication] in a parsimonious and realistic fashion. (...) There are no well-
2a new framework for modeling forward looking saving and investment behavior in the absence
of full contingent planning is the main theoretical contribution of this paper.
In all other respects, not related to the issue of full contingent planning, I closely follow
the standard approach. For instance, I do not dispense with the idea that behavior is generated
by a kind of underlying preference structure and will hence not assume that behavior is driven
by rules of thumb. I will also continue to assume that agents understand, at least intuitively,
the arithmetic of intertemporal budget constraints.5 The strategy I pursue is to depart from the
standard model in steps, rather than switching the paradigm of the analysis in a radical way by
assuming rule-of-thumb behavior.
The main idea of the new framework developed here is that individuals have some feasibility
goalswithrespecttotheirfuturestandardsofliving. Technicallyspeaking, agentswanttoassure
that certain choices lie within their future budget sets, and are hence feasible. In the standard
model, agents are concerned about their actual future standards of living in different states of
nature. Instead, in the feasibility goals (FG) framework, agents care only about the feasibility
of certain future standards of livings. They never decide on their actual choices in advance. It is
exactly this feature of the framework that eliminates the need for full contingent planning and
substantially simpliﬁes decision making.
When calibrating the model I ﬁnd that it predicts consumption proﬁles that closely resemble
the respective proﬁles predicted by the standard model. However, when it comes to asset allo-
cation choices, the model is much better able to explain the data. Speciﬁcally, the model can
explain why the young typically stay out of the stock market. Second, the model is consistent
with relatively low equity shares for those who do participate in the market. Third, the model
is consistent with the fact that low-income earners tend not to enter the stock market. Finally,
conditional on stock market participation, equity shares increase with permanent income.
The paper is organized as follows. Section 2 brieﬂy describes the new model developed in
developed bounded rationality models applicable to the problem of life-cycle saving.”
5It would be straightforward to relax the latter assumption in future work.
3this paper in an informal way. Section 3 discusses the relationship to the existing literature.
Section 4 introduces the model formally. Second 5 discusses its calibration. Section 6 brieﬂy
discusses some stylized facts about how consumption, savings and asset allocation vary over
the life cycle. It contrasts this facts with the predictions of existing models. Section 7 presents
calibration results for a baseline speciﬁcation as well as for a host of alternative speciﬁcations.
Section 8 concludes. The computational algorithms that are used to solve the model are outlined
in an appendix.
2 A Brief Informal Description of the Model
The model developed in this paper assumes two simple feasibility goals. These goals are spec-
iﬁed in a way such that they give rise to both a desire for safety and the desire to enjoy high
expected future standards of living. As a consequence, agents face simple risk-return trade-
offs when making their savings and asset allocation decisions and they engage in precautionary
saving.
The ﬁrst goal is dubbed the insurance goal. It entails assuring that the minimally feasible
levels of future standards of living are never below some fraction of current consumption. In
other words, agents do not want to forgo the possibility of consuming at least some given frac-
tion of current consumption in the future. This fraction may decline with the distance between
the current and a particular future period. The insurance goal may be seen as reﬂecting habit
formation or loss aversion. Alternatively, it may just be seen as a simple precautionary planning
device for boundedly rational individuals that exhibit satisﬁcing behavior. The insurance goal
triggers a precautionary savings motive.
The insurance goal implicitly relates to a future worst-case scenario. Clearly, the latter
should be understood in practical terms rather than literally. It reﬂects a scenario for which the
probability that things turn our even worse than for this particular scenario is very low. In the
model developed in this paper the worst-case scenario refers to low ﬁnancial and non-ﬁnancial
4income levels in every future period of life.
The second feasibility goal refers to the feasibility of a certain (higher) standard of living
in the future, provided that a “normal” or average scenario materializes. This goal is pursued
by accumulating wealth and is therefore dubbed the accumulation goal. The accumulation goal
capturesthedesireofenjoying anincreasingstandardofliving, of“becomingrich,”orthedesire
to save in order “to enjoy a sense of independence and the power to do things, though without
a clear idea or deﬁnite intention of a speciﬁc action” (Keynes, 1936). A normal scenario is
deﬁned as the branch of the event tree where all random variables take on their expected values,
conditional on current information.
Agents are assumed to apply an algorithm that determines how trade-offs are made between
achieving the goal of a high level of current consumption, the insurance and the accumulation
goal.
3 Relationship to Existing Literature
ExistingbehaviorallifecyclemodelsincludethementalaccountingmodelofShefrinandThaler
(1988), models of hyperbolic discounting (Laibson, 1997), and the loss aversion model of Bow-
man et al. (1999). The issue of full contingent planning is not addressed in this literature.
Gabaix and Laibson (2000, 2005) provide models of short-cuts that individuals may use when
working through a decision tree, such as removing branches with low probability. An important
difference between the FG model and the models of Gabaix and Laibson is that the latter deal
with decisions where a choice is made only once at the beginning of a probabilistic event three.
In contrast, there is generally a multitude of subsequent choices to be made in the FG model.
An early attempt to ﬁnd an alternative to full contingent planning models has been made
by Pemberton (1993). In his model agents maximize discounted expected utility of current
consumption and so-called future sustainable consumption levels. The sustainable consumption
levels refer to a ﬂat consumption path that, in expectation, would just exhaust total life time
5resources. It is thus equal to permanent income in its standard meaning. The main difference
between the model of Pemberton and the one developed here is that his model is grounded in
the discounted expected utility model. In contrast, the FG model more generically represents
a model of bounded rationality where thinking about the future is conﬁned to a few scenarios
and decision making is determined by the desire to achieve certain goals that serve as reference
points. While Pemberton does not provide any analysis of asset allocation choices, his model
seems less promising for explaining such choices. It would be likely to face the same difﬁculties
than standard expected utility models.
Binswanger (2006) develops a simple goal-based two-period life cycle model which is
dubbed threshold goal model. This model coincides with the FG model in the special case
where there are only two periods, such that decisions are only made once in the initial pe-
riod. The two-period setup is basically static in nature and the issue of full contingent planning
does not arise. In Binswanger (2006) it is demonstrated that the static goal model explains the
cross-section of savings and asset allocation choices very well in comparison to other existing
models. In contrast, the issue of this paper is to provide a model that explains how savings and
asset allocation vary over the life cycle within a truly dynamic setting.
4 The Model
For simplicity, the basic decision making unit of the model is a household with a constant
number of members.6 I will refer to this household as the “agent.” Let t denote the current
period or, equivalently, current age. Over the agent’s life t runs from T0, where she starts to
work, to age T, after which death occurs with certainty. The analysis abstracts from lifetime
uncertainty, since this would raise additional issues that are unrelated to the main topic of the
paper.
At each age t the agent makes three choices. She decides how much to consume, how much
6See Section 7.3 for a speciﬁcation of the model where the size of the household changes over time.
6to invest in a risk-free bond, and how much to invest in risky stocks. This is a prototypical
decisionproblemthathasbeenanalyzedintheliterature7 andcapturesthenatureofﬁnanciallife
cycle decisions in a stylized way. An important omission is housing. The inclusion of housing
would not provide any conceptual difﬁculties, but it would render the model less parsimonious
and less comparable to the existing literature. It is thus natural to omit housing in a ﬁrst step.
Denote current consumption by ct, current bond investments by bt, and current stock in-
vestments by st. The crucial feature of the model is that at age t the decision maker does not
know what her future decisions will be at different knots of the event tree. However, she is
concerned about what consumption levels would be feasible in the future. Denote by ct|t+i the
(random) level of consumption that is feasible at a future age t + i, i = 1,2,...,T − t, from
the perspective of age t, given the current level of wealth and given current information about
future income streams. Similarly, denote by bt|t+i, st|t+i the levels of bond and stock investment
that are feasible at time t + i from the perspective of age t. Concerning the subscripts, I apply
the convention that t|t + i ≡ t − |i| for i ≤ 0. Thus, t|t = t, for instance. In accordance with
the relevant literature it is assumed that
bt|t+i ≥ 0, st|t+i ≥ 0 (1)
for all t and 0 ≤ i ≤ T − t. This means that borrowing or short-selling of stocks is excluded.
Clearly, future feasible choses depend on scenarios or states of the world that will materialize.
For simplicity, the notation does not make this dependence explicit.
Denote the constant risk-free real per-period return of bonds by r. Furthermore, denote risky
real per-period stock returns by rs
t. It is assumed that stock returns are distributed identically
and independently (iid) over time. Thus, only the realizations of rs
t depend on time, while
the time subscript for the random variable can be dropped. It is assumed that Ers > r and
rsmin < r, where rsmin ≡ minrs. Thus, expected stocks returns are higher than bond returns,
7See e.g. Cocco et al. (2005) and Gomes and Michaelides (2005).
7but minimum stock returns are lower.
At each age t the agent earns an exogenous and possibly risky stream of non-ﬁnancial in-
come Yt+i, 0 ≤ i ≤ T − t. This income may be composed of transitory and permanent shock
components and, in expectation, follow a typical hump-shaped curve over the life cycle. Thus,
the process for Yt, Yt+i is generally not iid. It will be speciﬁed more fully in Section 5. Denote
future non ﬁnancial income conditional on information at age t by Yt|t+i. The intertemporal
budget constraint is then given by
ct|t+i + bt|t+i + st|t+i = Yt|t+i + bt|t+i−1r + st|t+i−1r
s
t (2)
for all t and 0 ≤ i ≤ T − t. It is assumed that the agent has unbiased knowledge of the
distribution of future income streams. Furthermore, she is assumed to understand (at least
intuitively) the arithmetics of budget constraints. It would be straightforward to relax these
assumptions, but this is beyond scope of this paper.
I turn now to the deﬁnition of the insurance and the accumulation goal which, in turn, are
used for the statement of the FG algorithm. This algorithm plays the role of preferences in
traditional analyses of intertemporal decision making. It proves convenient to introduce a more
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The insurance goal is then deﬁned as follows.
Deﬁnition 1 A current choice (ct,bt,st) satisﬁes the insurance goal if, for a given sequence of
nonnegative numbers {αi}
T−t
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for all i with 0 ≤ i ≤ T − t − 1 and all values of rs and Yt+i that are taken on with positive
probability, given information available in t. (The latter two random variables are implicit in
the deﬁnition of Bt|t+i).
Achieving the insurance goal means that a speciﬁc fraction αi of current consumption re-
mains feasible in the future under all circumstances. This includes the worst-case scenario
which corresponds to a sequence of lowest possible values for rs and Yt|t+i. The fraction αi
may depend on the distance between the current period t and a particular future period t + i.
By deﬁnition, α0 ≡ 1. In principle, the sequence {αi} is unrestricted and could even be non-
monotonic (except that the elements are to be nonnegative). However, when it comes to a
baseline speciﬁcation for simulating the model, it is desirable to severely restrict the ﬂexibility
of the model and thus its degrees of freedom. For the baseline speciﬁcation it will thus be as-
sumed that αi = (α∗)
i, 0 < α∗ < 1, which just offers one free parameter. This speciﬁcation
includes an element of “discounting.”8
Similar to models of habit formation or loss aversion, the insurance goal refers to a reference
point that is proportional to ct. This represents a particularly simple speciﬁcation. It assures
that choices fulﬁlling ct|t+i ≥ αict in all future contingencies are always feasible if ﬁnancial
markets provide an asset with a strictly positive minimum return in all possible future states of
the world.9
An example may illustrate how knowledge of the budget constraints is sufﬁcient to deter-
mine whether a choice fulﬁlls the insurance goal or not. Consider the case of three periods,
where an agent earns w in the ﬁrst period and earns no non-ﬁnancial income in the other
two periods. Suppose, for simplicity, that the agent can only invest in bonds, not in stocks.
8See Section 5 fore a more detailed discussion.
9While, in principle, the minimum return of any ﬁnancial asset is zero since even the U.S. government could
go bankrupt, it is common and practical to assume that there exists a risk-free interest rate.









r2 will not fulﬁll the insurance goal. Thus, the insurance goal imposes a lower
bound on current consumption. In the general case where an agent can also invest in stocks,
the insurance goal also imposes a lower bound on the proportion of savings invested in stocks,
as stock returns have a higher downside risk than bonds. It follows that it is possible to decide
whether a choice fulﬁlls the insurance goal or not in the absence of any knowledge about future
actual consumption levels, i.e. in the absence of full contingent planning.
The next step is to deﬁne the accumulation goal. The accumulation goal represents a target
standard of living that an agent wants to be feasible from some future age T ∗ on in case that a
normal scenario evolves.10 This normal scenario is deﬁned as the branch of the decision tree
where every random variable takes on its expected value, given information at age t.
The standard of living that will be feasible from some future age T ∗ > t depends not only
on choices made at age t, but also on savings and asset allocation choices between t and T ∗.
Thus, in the absence of knowledge of future actual decisions, the only way to determine what
standard of living will be feasible from age T ∗ on is to go through a hypothetical accumulation
scheme that is feasible from time t on and, in turn, leads to feasibility of a particular standard
of living from age T ∗ on.
This hypothetical accumulation scheme works as follows. Start with a particular level of
current consumption ct. This ﬁxes the level of age-t savings. Identify now all portfolios,
corresponding to different equity shares, for which the insurance goal is met. Among these
portfolios, identify the one with the highest expected return and thus the highest equity share.
Choose the latter portfolio for the determination of the hypothetical accumulation scheme. The
accumulation goal captures thus a “speculative” motive of savings.
Making the transition to the following period, assume that stock returns as well as non-
ﬁnancial income will be drawn according to the normal scenario. Assuming a hypothetical
10An agnostic speciﬁcation that will be used when calibrating the model is T∗ = T−t
2 . This should be under-
stood as the expected value of a random variable that is uniformly distributed over the remaining ages. See Section
7.3 for a different speciﬁcation.
10level of consumption kept ﬁxed at ct for the following periods, this accumulation scheme can be
iterated until age T ∗. The accumulation goal is then deﬁned as the hypothetically accumulated
balance at age T ∗, divided by the remaining number of lifetime periods, to convert it in per-
period units. This approximates a standard of living that is feasible from age T ∗ on under the
accumulation scheme just discussed, provided that the normal scenario will materialize. Since
the level of the accumulation goal depends on the initial choice of ct, the value of the goal
should be understood as a function of ct. The FG algorithm discussed below will determine
how the agent makes a trade-off between the conﬂicting goals of achieving a high ct and a high
level of the accumulation goal.












∈ Bt|t+i. The set
It|t+i may be empty for high values of ct|t+i. In this case, αjct|t+i, 1 ≤ j ≤ T − t − i, may not
be reached in the future even if all savings are invested in bonds. Given ct|t+i and, implicitly,














with the maximal value for st|t+i.
This represents the portfolio with the highest expected return for which the insurance goal is









in order to “implement” (hypothetically) the accumulation
goal at age t + i. (It will become clear from the FG algorithm discussed below that It|t+i will
always be nonempty along the “optimal” trajectory.) Furthermore, the agent projects a choice
of ct|t+i = ct. Wealth is accumulated (hypothetically) according to






which corresponds to the normal scenario. It is now possible to give a precise deﬁnition of the
accumulation goal.
Deﬁnition 2 Take ct ∈ Bt as given. If all sets It|t+i (ct), 0 ≤ i ≤ T ∗ − t − 1, are nonempty,
11then the value of the accumulation goal, denoted by at|T∗, is equal to At|T∗/(T − T ∗), where
At|T∗ is deﬁned by equation (3). Otherwise at|T∗ = 0.
Note that, according to this deﬁnition, at|T∗ is well deﬁned for all values of ct ∈ Bt. It is
now possible to give a formal deﬁnition of the FG algorithm.
Deﬁnition 3 The feasibility goals (FG) algorithm is implemented by working through the fol-
lowing steps.
Step 1. Identify the element of Bt with the highest level of ct such that It (ct) is nonempty.
Denote this element byˆ it and the corresponding value of ct by ˆ ct.
Step 2. If ˆ ct ≤ ¯ c (where ¯ c ≥ 0), then implementˆ it. Otherwise go to step 3.
Step 3. Choose the element of Bt which maximizes






where 0 < β < 1.
The ﬁrst step just means maximizing ct, subject to meeting the insurance goal. Necessarily,
step 1 leads to a choice for which stock investments are zero. The reason is that minimum stock
returns are lower than bond returns. If stock holdings were positive and the insurance goal is
fulﬁlled, stocks could be substituted by bonds and, at the same time, consumption could be
increased, such that the insurance goal would still be fulﬁlled. As a result, the original choice
with positive stock holdings was not optimal.
The parameter ¯ c, which appears in step 2 and is assumed to be greater or equal to zero,
represents a “normal standard of living.” Think of this parameter as the real dollar value of the
expenditures on an “average” consumption bundle. The parameter ¯ c is treated as exogenous.
It acts as a reference point or goal value for current consumption if budgets are relatively low.
To see this, note that for ¯ c > 0 we will always have ˆ ct < ¯ c if the budget is sufﬁciently small.
In this case step 1 implies that the decision maker has two goals. The ﬁrst is to achieve the
12insurance goal and the second, conditional on the ﬁrst, to bring ct as close as possible to ¯ c. It
is only when this latter goal is achieved that the accumulation goal is triggered in step 3. From
a mathematical point of view, ¯ c > 0 has the effect of separating out a set of small budgets for
which the accumulation goal is not activated. The latter thus has the status of a “luxury” goal.
Clearly, the most parsimonious speciﬁcation of the model is the one where ¯ c = 0.11 In this
case the model would not be able to explain that equity shares or wealth accumulation increase
with permanent income, which is observed in the data.12 Beyond this, I believe that it is of
natural interest to consider the effect that such a reference standard of living has on savings and
asset accumulation choices.
Theobjective function (4) in step 3 speciﬁesthe way in which the decision makeris assumed
to solve the trade-off between her goal of enjoying a high level of current consumption and of
the accumulation goal, in case that the latter is activated. (Note that the desire to achieve the
insurance goal is implicit in the deﬁnition of the accumulation goal.) The parameter β measures
the preference weight the decision maker assigns to the accumulation goal relative to present
consumption. The weight depends on the distance between current age and the future date T ∗,
which is the age the accumulation goal refers to. The parameter β should not be understood as
a genuine discount factor, as it does not specify overall time preferences. Rather, it refers more
narrowly to the accumulation goal and captures thus the strength of the desire to enjoy a high
standard of living in the future.13 Note that (4) does not include any element of risk aversion.
The only source of risk aversion in the FG model comes from the desire to meet the insurance
goal.
As has already been mentioned, the FG algorithm plays the role of preferences in stan-
dard analyses. The decision maker is assumed to follow the FG algorithm at each age t anew,
11See Section 7.3.
12See Sections 6 and 7.
13Note that the sequence {αi}
T−t
i=1 includes some element of discounting if it is falling over time, such that the
decision maker is less concerned about the downside risk of her standard of living in the far-distant future than in
the near future. See Section 5.
13irrespective of her earlier choices and plans. Thus, decision making can be seen as time-
inconsistent. However, this inconsistency arises from incomplete planning rather than from
a convex pattern of discounting. At each age t the decision maker focuses only on a worst-case
scenario, by means of the insurance goal, and on a“normal” scenario, by means of the accu-
mulation goal. Reducing the complexity of an event tree to a few representative scenarios is
a plausible feature of decision strategies for boundedly rational agents (Gabaix and Laibson,
2000, 2005).
It is of interest to brieﬂy discuss whether the outcome of the FG algorithm is well deﬁned.
Note ﬁrst the budget sets Bt|t+i are compact and convex. Furthermore, it is quite straightforward
to show that the sets It|t+i are compact and convex if they are nonempty. It can be shown that
r > rsmin implies that there is a unique element of Bt for which ct is maximal under the
constraint that It (ct) is to be nonempty.
Step 3 is somewhat more tricky. Note ﬁrst that (4) is equal to minus inﬁnity if at|T∗ = 0.
Thus, the agent will never choose a level of ct for which one or several of the sets It|t+i are
empty (see Deﬁnition 2). In the absence of the borrowing constraints in (1), at|T∗ would simply
be a linear function of ct in the relevant domain where the insurance goal is feasible. However,
its shape is more complex in the presence of borrowing constraints. If ct is sufﬁciently low, then
the insurance goal would be feasible even with an equity share larger than one. However, an
equity share larger than one is not feasible in the presence of borrowing constraints. As a result,
s
′
t|T∗ becomes a piecewise linear function of ct. Similarly, b
′
t|T∗ is a piecewise linear function
of ct, since bonds are zero for low levels of ct and increase linearly at higher levels of ct. It




t|T∗E˜ y is a monotonically decreasing, piecewise linear and concave
function of ct in the relevant domain where the insurance goal is feasible (such that the sets
It|t+i are nonempty). An induction argument can then be used to infer that the accumulation
goal at|T∗ is a monotonically decreasing, piecewise linear and concave function of ct. Since the




is a concave function of ct. This ﬁnally implies that the objective function (4) is concave. It is
14even strictly so, which follows from the piecewise linearity of at|T∗ and the strict concavity of
the logarithmic function. As a result, there is a unique level of ct that maximizes (4).
5 Calibrating the Model
Although the FG model could be solved analytically for some stylized cases, it is more inter-
esting to study its quantitative predictions, in order to compare them to empirical estimates and
to simulation results obtained in the literature for conventional preference models. It should
be mentioned here that I will only report simulation results for choices made during working
life. Since the FG model as presented here does not take into account mortality risk nor bequest
motives, it would not be well suited for explaining savings and asset allocation choices during
retirement. As a result, their analysis is beyond scope of this paper.
Calibrating the model requires a speciﬁcation of the parameters of the FG algorithm, of the
process for non-ﬁnancial income, and of bond and stock returns. They shall be discussed in
turn. The computational solution of the model is sketched in an appendix.
Concerning the time setup of the model, an individual is assumed to start working at age T0,
which is set to 21, to retire at the beginning of age R, set to 66, and to die with certainty at the
beginning of age T, set to 86. The model is simulated at an annual frequency.
5.1 The parameters of the FG algorithm
Applying the FG algorithm requires speciﬁcation of the sequence {αi}, of β, ¯ c, and T ∗. Starting
with the sequence {αi}, I choose αi = (α∗)
i as a baseline speciﬁcation, where 0 < α∗ <
1. There are two reasons for this speciﬁcation. First, it is very parsimonious and requires
speciﬁcation of only one parameter. Second, it captures in a very simple way the idea that
decision makers may be less concerned, or may think less carefully, about negative events in
thefar-distantfuturethaninthenearfuture. Thisismostlikelytohappenonanintuitiveorsemi-
conscious level. It is rather unlikely that many individuals literally engage in careful ﬁnancial
15life cycle planning, at least at early ages. In this sense, the speciﬁcation of the sequence {αi}
captures thus a particular element of discounting.
The baseline value for α∗ is set to .96, which is chosen as follows. As mentioned in the
introduction, Binswanger (2006) provides a cross-sectional analysis of savings and asset allo-
cation in a static model, corresponding to the FG model in the degenerate case where there are
only two periods and it is only in the ﬁrst period where agents make any decisions. By construc-
tion, such a setup does not allow for any variation of consumption, savings or asset allocation
over age. In Binswanger (2006) this model is calibrated in a stylized way, assuming that the
length of the planning horizon amounts to 30 years. Fitting the model to cross-sectional data
on savings and asset allocation choices, the value obtained for the parameter corresponding to
αi at a time horizon of 30 years is .27.14 In order to impose discipline and to limit ﬂexibility,
baseline parameter values in this paper are set such that they correspond to the parameters that
best ﬁt cross-sectional data in the case of the static model. I choose thus a baseline value of
α∗ = 0.96 such that (α∗)
30 ≈ 0.27.
Turning to ¯ c, the best-ﬁt value found in Binswanger (2006) amounts to 27,000 year-2001
U.S. dollars. Section 7.3 also provides simulations for the more parsimonious case where ¯ c = 0.
Concerning β, the best-ﬁt annualized value for the cross-section case is .94. While this value
leads to modest equity shares in the static setup, it leads to relatively high equity shares in the
dynamic model of this paper (see Section 7.3). By construction the static model with a planning
horizon of 30 years restricts people to hold the same portfolio for 30 years. In contrast, the
dynamic model with period lengths of one year allows agents to rebalance their portfolio every
year. It is well known from the literature that increases in ﬂexibility increase the willingness to
take risk in standard expected utility models (see e.g. Gollier, 2001). The same holds for the FG
model. Thus, a value for β of .94 should be scaled down in order to obtain a suitable counterpart
value for the dynamic model. I thus set the baseline value for β to .90. Remember that β should
14This number should not be interpreted as implying that the consumption level that individuals would like to
have at all costs during retirement would be only .27 of their working life consumption. See Binswanger (2006).
16not be understood as a genuine discount factor but more narrowly as the annualized preference
weight of the accumulation goal. Thus, a value of .90 does not seem particularly low.
The baseline value for the parameter T ∗, representing the age that the accumulation goal
refers to, is set to (t + T)/2, rounded downwards. This can be understood as the mean of a
uniform distribution over all remaining life ages from time t on. It represents thus an agnostic
speciﬁcation. (See Section 7.3 for an alternative speciﬁcation.)
5.2 Non-Financial Income
Non-ﬁnancial income is thought to include mainly labor income, but also unemployment bene-
ﬁts or income from Social Security etc. Following Cocco et al. (2005), I assume that
Yt = FtPtVt, (5)
where
Pt = Pt−1Ut, (6)
during working life. Ft represents a non-stochastic component of non-ﬁnancial income that
determines the general shape of this income over the life cycle in the absence of shocks (see









. Ut represents a shock component which has a permanent effect
on non-ﬁnancial income. Vt represents a transitory shock component.
Cocco et al. (2005) report estimations for (5), (6), as well as for the standard deviations of
the logs of Vt and Ut.15 The calibrations here are based on their estimations for high school
graduates. Starting with the assumption that Ut and Vt are distributed lognormally, I truncate
the distributions of Ut, Vt by setting U and V to the ﬁrst percentile of their original lognormal
distribution, while keeping expected values at a value of one.16 The resulting values for U and
15See their Tables 1, 2, 3.
16Note that the FG algorithm requires only speciﬁcation of the minimum and expected values of all random
17V are .97 and .81, corresponding to a decline in non-ﬁnancial income of 3 and 19 percent,
respectively.
During retirement, it is assumed that non-ﬁnancial income is given by
Yt = ρYR−1Mt, (7)





medical expenditure shock. The idea is that the medical expenditure shock reduces the amount
of income that is available for normal spending. The baseline value of M is set to .6. For
simplicity, it is assumed that this shock is realized at age R and is fully permanent. This means
that MR+i = MR for 1 ≤ i ≤ T − R. Furthermore, it is assumed that EtMR = 1 for
T0 ≤ t ≤ R − 1. Clearly, this speciﬁcation is very stylized. The advantage of this is that
it keeps the simulations transparent. Since the paper focuses on savings and asset allocation
decisions during working life, this stylized speciﬁcation should not be seen as problematic.
All simulations in Section 7 are run for the case where, ex post, no shocks occur. This,
again, keeps the simulation results particularly transparent and easy to interpret.
5.3 Bond and Stock Returns
Bond returns are assumed to be risk free and to amount to 2 percent per year. Furthermore, I set
annual expected stock returns to 6 percent and their standard deviation to its historical value of
.157.17 Stock returns are assumed to be iid over time. For a simulation of the FG algorithm it
is necessary to specify minimum stock returns. I do so starting with the assumption that stock
returns are lognormally distributed with a mean and standard deviation as mentioned above.
The distribution is then truncated by setting minimum stock returns to the ﬁrst percentile of
variables involved.
17These assumptions are fairly common. See e.g. Campbell and Viceira (2002).
18the original lognormal distribution, while keeping expected returns at 6 percent.18 The gross
minimum return amounts then to .74 per year, which corresponds to a net return of minus 26
percent. Again, all simulations in Section 7 are run for the case where, ex post, stock returns
always take on their expected values.
Table 1 summarizes the parameter values for the baseline speciﬁcation.
6 The “Facts” about Saving and Asset Allocation and the
Predictions of Existing Models
One major aim of this paper is to explore whether the FG model provides a good explanation of
individuals’ observed consumption, savings and asset allocation choices during their working
life. Before turning to the simulation results it seems therefore useful to discuss some of the
empirical “facts” regarding the variation of consumption/savings and asset allocation choices
over the life cycle. These are contrasted with the predictions of existing life cycle models.
6.1 The Empirical “Facts”
Researchers estimating age proﬁles for consumption/savings and asset allocation choices face
a fundamental identiﬁcation problem. Both choices are likely to be inﬂuenced not only by age,
but also by the fact that a person is member of a certain cohort, as well as by the state of the
economy at a particular time. From an econometric point of view, it is not possible to identify
these three effects separately without invoking speciﬁc assumptions. The reason is that an
individual’s age is a deterministic linear function of its birth year (which determines his cohort)
and the time at which data is collected. As a result, it is difﬁcult to infer “true” age proﬁles for
consumption/savings or asset allocation choices. This point is discussed in a illuminating way
in Ameriks and Zeldes (2004).
18Thus, all minimum values of the exogenous random variables of the model, i.e. shocks to non-ﬁnancial income
and stock returns, are set to the ﬁrst percentile of their originally assumed distribution.
19In a recent study, Fern´ andez and Krueger (2007) explore how consumption expenditures
vary over the life cycle. Their study is based on the U.S. Consumer Expenditure Survey. The
authors solve the identiﬁcation problem mentioned above by assuming that time effects are
orthogonal to a time trend. Their main ﬁnding is that consumption expenditures are hump-
shaped over the life cycle. When not controlling for the fact that household size typically varies
over the life cycle, household consumption expenditures take on their peak value around the
late forties. The peak value is about 60 percent higher than consumption expenditures during
the early twenties. From the ﬁfties on, consumption falls steadily, reaching the level of the early
twenties around the age of 65. When ﬁltering out the effect of changing family size, the hump
reduces to about half its size. For total expenditures the peak value is now achieved during
the early ﬁfties and is about 30 percent higher than consumption expenditures during the early
twenties. Again, expenditures decrease steadily from about the age of 55 on.
The variation of asset allocation over age is addressed by Ameriks and Zeldes (2004).
Again, they are confronted with the problem of separately identifying age, cohort and time
effects. The authors tackle this problem by estimating age proﬁles twice, once excluding time
effects and once excluding cohort effects.
Ameriks and Zeldes (2004) provide estimates for the variation over age of both, the decision
of whether or not to participate in the stock market and, second, of what share of savings to
invest in stocks, conditional on participating in the stock market. The evidence on stock market
participation can be summarized as follows. It is fair to conclude that stock market participation
is low during the ﬁrst half of the twenties, say between 10 and 30 percent. Thus, most young
people do not participate in the stock market. The participation rate increases up to about
50 percent at the age of 40. If there were no cohort effects participation would then slightly
decrease to about 40 percent at the age of 65. If there were no time effects the participation rate
would increase up to 80 percent.
Turning to equity shares conditional on stock market participation, the picture is as follows.
In the absence of cohort effects equity shares are roughly constant at 40 percent over the entire
20life. In the absence of time effects, equity shares start below 20 percent in the twenties and
steadily increase to about 90 percent at the age of 65. While in reality both time and cohort
effects are likely to play a role, Ameriks and Zeldes (2004) provide a number of reasons why
they give priority to their speciﬁcation without cohort effects over the speciﬁcation without time
effects. According to their most preferred estimation, equity shares conditional on stock market
participation are thus basically ﬂat.19
Table 2 presents some evidence on the variation of equity shares over income. Based on
the 2001 wave of the SCF, the table reports median equity shares for particular age/income
cells. Note that equity shares are zero for those who do not participate in the stock market.
The table suggests that, for all age categories, members of the two bottom income quintiles
typically do not participate in the stock market. In contrast, members of the upper quintiles
do participate. While the evidence of Table 2 is descriptive and thus only suggestive, potential
biases would have to be very strong in order to overturn the marked gradient effect concerning
stock market participation. There is also rather strong evidence that equity shares increase with
income among stock market participants.
6.2 Predictions of Existing Models
Existing life cycle models come in several variants. Most importantly in the current context,
some more recent studies allow for investments in two different ﬁnancial assets such as stocks
and bonds. Other studies assume that there is only one investment possibility, typically a risk-
free bond. Since the FG model aims to explain both the general level of savings and the share of
19The estimates of Ameriks and Zeldes (2005) discussed so far are based on the U.S. Survey of Consumer
Finances (SCF). One potential concern may be that the estimated proﬁles may be confounded by the fact that
people beyond a certain age are more likely to have access to employer-sponsored pension plans. This does not
seem to be a main issue, however. Ameriks and Zeldes also provide estimations based on data from the TIAA-
CREF institution, thus only including individuals who do have access to pension plans. While the stock market
participation rate is substantially higher for the TIAA-CREF sample, the general shape of both the participation
proﬁle and the proﬁle for equity shares conditional on participation are remarkably similar to the curves obtained
for SCF data. This does not only hold for equity shares referring to total balances, but importantly so also for
inﬂows.
21savings invested in stocks (which may be zero), I only discuss here the predictions of existing
life cycle models which allow for both stock and bond investments.
Such models successfully explain that consumption increases with age up to some peak
level. However, the peak occurs to late. Empirically, the consumption proﬁle decreases after
the age of 50. In contrast, predicted consumption proﬁles peak only after retirement (see Cocco
et al., 2005). This remains true for many deviations from the standard framework (Cocco et al.,
2005; Gomes and Michaelides, 2003; Polkovnichenko, 2007).20
Turning to equity holdings, the performance of existing models is quite disappointing. Un-
der standard constant relative risk aversion (CRRA) preferences, and taking into account liq-
uidity constraints and a labor income process such as (5), the prediction is that stock market
participation is universal. In addition, equity shares are predicted to be much higher than typi-
cally observed in the data. Speciﬁcally, equity shares are predicted to be close to one until the
age of about 40. Thereafter, they are predicted to decrease until retirement where they reach
a level of about 50 percent on average (Cocco et al., 2005). This contrasts with the empirical
picture, according to which a large part of the young do not participate in the stock market.
Furthermore, equity shares are roughly constant at 40 percent for those participating in the
stock market; or, if there are non-negligible cohort effects, equity shares may increase for those
participating in the market.
The prediction that equity shares are far higher than empirical estimates over a large part
of the life cycle is very robust across existing models. Very high equity shares occur even
when taking into account the possibility of very low realizations of labor income or endogenous
borrowingconstraints(Coccoetal., 2005), ﬁxedcostsofstockmarketparticipationandEpstein-
Zin preferences (Gomes and Michaelides, 2005) or habit formation (Gomes and Michaelides,
2003, Polkovnichenko, 2007). The conclusion from this is that the search for models that come
closer to explain the data remains an issue.
20Predicted consumption proﬁles come closer to the data in a model with endogenous borrowing constraints
(Cocco et al., 2005). However, equity shares are not well explained within such a setup. (See below for equity
shares.)
227 Calibration Results
This section presents the results from simulating the FG model. (See the Appendix on how to
solve the model computationally.) A ﬁrst subsection presents the main results for the baseline
parameter values. A second subsection discusses predictions with respect to a variation in
permanent income. A third subsection discusses a host of alternative speciﬁcations. For all
these alternative speciﬁcations only one parameter deviates from the baseline value at a time.
7.1 Results for the Baseline Speciﬁcation
Figures 2 and 3 present the results for the baseline case. The solid line in Figure 2 refers to
consumption. The dashed line represents non-ﬁnancial income. The dotted line represents total
income including ﬁnancial income, which is endogenous since it depends on the agent’s savings
and asset allocation choices. Note that the horizontal axis is restricted to ages of working life,
as the model is less suited for explaining decisions during retirement.
Consumption tracks income very closely until the age of 35. Given that individuals cannot
borrow against their future income the amount of liquid funds that are available to them is low
during early ages. At the beginning of the twenties, current liquidity is not sufﬁcient to ﬁnance
a consumption level above ¯ c while, at the same time, meeting the insurance goal. Thus, optimal
choices are determined by step 1 of the FG algorithm, i.e. individuals’ principal goal is to come
close to a normal standard of living ¯ c. The only motive to save is to achieve the insurance goal.
At the age of 27 the standard of living ¯ c is reached, such that from then on optimal decisions
are determined by step 3 of the FG algorithm. This means that the accumulation goal is trig-
gered. As a result, individuals start to participate in the stock market (see Figure 3). However,
consumption is still close to ¯ c, such that the marginal value of an increase in consumption is still
relatively high. This keeps total savings at a relatively low level until the age of 35. After the
age of 35 savings start to increase substantially. While the gap between non-ﬁnancial income
and consumption narrows after the age of 45, the gap between consumption and total income,
23including income from bond and stock holdings, widens until retirement. Overall, it is immedi-
ately evident from Figure 2 that pursuing the insurance and accumulation goals is sufﬁcient for
achieving a very smooth consumption proﬁle.
Comparing the consumption proﬁle in Figure 2 to the simulation results for the standard
model in Cocco et al. (2005)21 reveals that the FG model comes astonishingly close to the
predictions of the standard model. For both models savings are slightly higher at the very
beginning where young savers accumulate a small “buffer stock.” Savings are then very low
until the age of 35. In both models the gap between consumption and non-ﬁnancial income
widens from the age of 35 on, peaks around 45 and becomes then very small again. In the case
of the standard model consumption crosses non-ﬁnancial income at the age of 55. For the FG
model consumption stays slightly lower than non-ﬁnancial income, at least in the case of the
baseline calibrations.
Figure 3 presents the predicted proﬁle for equity shares.22 Equity shares are deﬁned as the
ratio of total stock holdings to total ﬁnancial assets, i.e. st/(bt + st). As already mentioned,
agents are predicted to stay out of the stock market until the age of 26, since optimal choices are
determined by step 1 of the FG algorithm. As discussed in Section 4, step 1 of the FG algorithm
implies that stock investments are zero. Individuals start to participate in the stock market as
soon as the accumulation goal is triggered at the age of 27. Thereafter, equity shares increase
up to 50 percent at the age of 45. From there on they stay roughly constant until retirement.
The reason for the increase in equity shares between the ages of 27 and 45 is that the down-
side risk associated with future income declines substantially over time. Since the effects of
a sequence of low realizations of the permanent income shock accumulate over time (see (6)),
the uncertainty about future income and hence its downside risk increase with the number of
periods that lie between the current and a particular future period. In this sense, a 25-year old
faces more future income risk than a 45-year old. To put it simply, more things can still go
21See their Figure 3(A).
22The raw outcomes of the simulations for equity shares are slightly wiggling. The equity shares in Figure 3 and
all following ﬁgures are smoothed using a moving average smoothing algorithm.
24wrong for the 25-year old than for the 45-year old. The former simply has more opportunities
to pick a long chain of low realizations of the permanent income shock. It is precisely this effect
of decreasing future income uncertainty which leads equity shares to increase until the age of
45. Remember that the simulations have been run for the case where, ex post, no income shocks
occur, i.e. the shocks always take on their expected values.
Whether equity shares are ﬂat, increasing or decreasing after the age of 45 turns out to
depend on the size of the lower bound of the medical expenditure shock M. The medical
expenditure shock has almost no inﬂuence on equity shares prior to the age of 45 (compare
Figures 3, 5 and 7, drawn for M-values of .6, .5 and .75, respectively). The reason is that it
lies too far ahead in the future. Remember that agents do not want to let their future feasible
standards of living fall below αict, where i represents the distance between the current and a
particular future period. In early ages retirement and hence the date of the realization of the
medical expenditure shock lie far ahead in the future, such that αi is very low. When agents get
closer to retirement, the uncertainty of future labor income still decreases, as described in the
last paragraph. This tends to raise equity shares further. However, αR−t increases as agents get
closer to retirement, at which the medical expenditure shock materializes. This makes agents
more prudent and tends to decrease equity shares.
The net effect on equity shares may then be positive, negative or neutral. It happens that it
is neutral in the baseline case (see Figure 3). In the case where M amounts to .5 (instead of .6),
equity shares decrease after the age of 45 (see Figure 5). If M is equal to .75 then equity shares
continue to increase after the age of 45 (see Figure 7). Figures 4 and 6 show that lower (higher)
medical expenditure uncertainty leads to lower (higher) savings, without affecting the overall
shape of the consumption proﬁle.
In the case of asset allocation there is no close coincidence between the predictions of the
FG and the standard model at all, unlike in the case of consumption proﬁles. For the FG model
(in the baseline case), equity shares increase from zero to 50 percent until the age of 45 and
then stay at this level until retirement. In contrast, in the standard model equity shares amount
25to 100 percent until about the age of 40, where they start to decrease gradually to 50 percent,
which is reached upon retirement.
While the equity share proﬁles that are predicted by the FG model do not directly coincide
with the preferred estimations of Ameriks and Zeldes (2004), they nevertheless come much
closer than the predictions of the standard model. First, the FG model is consistent with the
fact that many do not join the stock market from the very beginning.23 Second, with respect to
equity shares conditional on stock market participation, the FG model is able to predict levels
that are realistically low compared to the standard model. Furthermore, the model is consistent
with a ﬂat proﬁle from the age of 45 on.
The favorable performance of the FG model raises the question whether this model just
offers some additional degrees of freedom that are absent in the standard model. The FG model
may indeed be seen as slightly more ﬂexible than the standard model with CRRA preferences,
which underlies much of the analysis in Cocco et al. (2005). However, what is crucial in
this respect is that existing preference models have great difﬁculties to generate low overall
equity exposures even when the ﬂexibility of the setup is greatly increased, e.g. by assuming
Epstein-Zin preferences, habit formation, by assuming heterogeneous preferences, by including
ﬁxed costs of stock market participation, endogenous borrowing constraints, by assuming the
possibility of a disastrous labor income shock, among other possibilities.24
I conclude from this that the favorable performance of the FG model is not due to a partic-
ularly high degree of ﬂexibility. Rather, it is likely to stem from the fact that it is more in line
with an intuitive kind of reasoning that drives behavior of boundedly rational beings. In partic-
ular, according to the model, the young should reason that they face a lot of career uncertainty.
They should wait and engage in the stock market more seriously only when this career uncer-
23In fact, they may not enter the stock market at all. As has been mentioned previously and will be discussed
further in the next subsection, the FG model further predicts that if income is sufﬁciently low over the entire life
cycle then agents will never enter the stock market. The reason is that choices are then always determined by step
1 of the FG algorithm. In contrast, in case of the standard model, the level of permanent income does not have any
inﬂuence on stock market participation and equity shares, since these preferences are linearly homogeneous.
24See Cocco et al. (2005), Gomes and Michaelides (2003, 2005), and Polkovnichenko (2007).
26tainty has sufﬁciently been reduced. This logic is highly intuitive and hence plausibly guiding
the behavior of boundedly rational life cycle savers. However, it does not at all correspond to
the logic of the standard model. There equity shares are very high until the age of about 40.
The reason is the following. For the relevant class of expected utility preferences it turns out
that the prospect of facing an increasing labor income proﬁle with a high probability provides a
substitute for risk-free savings. Hence, the young should invest all savings in stocks (see Cocco
et al., 2005, for an illuminating discussion). According to personal experience of the author,
even most economists are rather surprised by this result. So it is not completely unexpected that
normal people don’t seem to take the logic of the standard model as an intuitive guideline for
their investment behavior.
7.2 The Variation of Stock Market Participation and Equity Shares with
Permanent Income
Figure8showshowtheFGmodel’spredictions withrespecttoassetallocationdiffer forvarious
levels of permanent income. The solid line corresponds to the baseline case. The dotted line
corresponds to a case where non-ﬁnancial income is 50 percent lower than in the baseline case
at any age. Similarly, the dashed line correspond to a case where non-ﬁnancial income is 50
percent higher than in the baseline case at any given age.
It follows from Figure 8 that the FG model is able to predict the stock holding patterns that
are apparent in Table 2. In particular, if income is 50 percent below the baseline level, agents
will never participate in the stock market since the accumulation goal is never triggered. Con-
ditional on stock market participation, equity shares increase with a higher permanent income.
The ability of the model to explain that stock market participation and equity shares increase
with income depends crucially on the assumption that ¯ c is greater than zero. For ¯ c equal to zero,
these choices would not react to proportional increases in permanent income. Furthermore,
equity shares would always be strictly positive (see Figure 10). Remember that expected utility
models with CRRA as well as Epstein-Zin preference are not able to explain any variation of
27savings or asset allocation choices with permanent income, since these preferences are linearly
homogeneous.
7.3 Results for Alternative Model Speciﬁcations
Figures 9 and 10 refer to the case where ¯ c = 0 (whereas all other parameter are set to baseline
values). This is certainly the most parsimonious speciﬁcation of the model. In this case only
step 3 of the FG algorithm is relevant. Furthermore, the model is speciﬁed by basically only
two free parameters: α∗, and β (apart from T ∗). For ¯ c = 0, consumption is slightly lower
than in the baseline case up to the age of about 50 and higher thereafter, since agents have
accumulated more wealth. Equity shares are substantially higher than in the baseline case. The
young participate in the stock market right from the beginning, although their equity shares are
very low. Thus, if there were any substantial costs for participating in the stock market, the
young would probably stay out of the market even for ¯ c = 0.
Figures 11 and 12 refer to the case where β = .94. This is the best ﬁt value for β obtained
in Binswanger (2006) for the cross-sectional setting considered there (see Section 5). All other
parameters are again equal to their baseline levels. Naturally, consumption is slightly higher in
this case at later ages since agents accumulate more wealth. This stems from the fact that equity
shares are generally higher than in the baseline case, such that agents accumulate more wealth.
Figure 13 and 14 show simulations for a speciﬁcation where ¯ c is indexed to family size.
In particular, it is assumed that the household unit consists of one adult person until the age
of 24. At the age of 25 a second adult person with the same age joins the household unit.
The couple is assumed to get a ﬁrst child at the age of 30 and a second one at the age of 33.
Children leave home at the age of 18, i.e. when the parents are aged 48 and 51, respectively.
I use the equivalence scales reported in Fern´ andez-Villaverde and Krueger (2007) to index ¯ c
to the family size.25 Speciﬁcally, I assume that the baseline value of 27,000 year-2001 U.S.
dollars refers to two adults and one kid. Using equivalence scales, a proﬁle for ¯ c is calculated
25I follow the authors using the mean equivalence scales reported in their Table 1.
28for the family history as mentioned above. This proﬁle is then used for the simulations shown in
Figures 13 and 14. The consumption proﬁle resembles closely the baseline case. Since ¯ c is now
lower during the twenties than in the baseline case, stock market participation occurs from the
beginning on. Furthermore, due to the hump-shaped proﬁle of ¯ c, equity shares increase beyond
the age of 45.
For the baseline case it is assumed that T ∗ = 1/2 t + 1/2 T. Figures 15 and 16 show
simulations for the case where T ∗ = 2/3 t + 1/3 T. Thus, T ∗ moves closer to t. As a result,
consumption becomes slightly hump-shaped. Equity shares are also hump-shaped in this case.
Overall, the consumption proﬁles resemble each other very closely across all speciﬁcations.
Furthermore, equity shares are always very low if not zero in the twenties and increase there-
after. The precise shapes of the equity share proﬁles depend on the details of the speciﬁcation.
8 Conclusion
This paper provides a new life cycle framework in which agents do not engage in full contingent
planning but pursue two simple feasibility goals. The paper shows that pursuing such goals
is sufﬁcient for obtaining very smooth consumption proﬁles. Predicted consumption proﬁles
are very similar in shape to the proﬁles for the standard expected-utility case. In contrast,
the pursuance of feasibility goals leads to a much lower equity exposure than in the standard
model. In particular, the feasibility goals (FG) model is consistent with the fact that low-income
earners and many young do not participate in the stock market. Those who do participate choose
relatively low equity shares. As a result, the FG model is better than existing preference models
at explaining the empirical patterns of stock market participation and the variation of equity
shares over the life cycle.
299 Appendix: The Computational Solution of the FG Model
For each age t the simulation starts with step 1 of the FG algorithm. As explained in Section 4,
step 1 implies st = 0. Furthermore, the requirement of meeting the insurance goal implies for
each value of ct a corresponding level of bond investments. From a computational point of view,
it is easiest to ﬁnd this level of bond investments using a backward calculation. Speciﬁcally, set
the terminal value ˆ bT in the recursion ˆ bt+i = max
n￿





0 ≤ i ≤ T −t−1 to zero. The required level of bond investments for a given level of ct is then
obtained by solving this recursive equation backward for ˆ bt. The choice that solves the step-1
problem of the FG algorithm is determined by the fact that ct +ˆ bt (ct) = Xt, where Xt denotes
the total level of resources that are available at age t. Simple algorithms can be used to ﬁnd the
optimal level of ct.
According to step 2 of the FG algorithm, the optimal choice is the outcome of step 1 when-
ever the resulting value of ct falls short of ¯ c. Otherwise, the step-3 problem has to be solved.
In order to do so, start with a particular level of ct. In order to evaluate the function (4), the
value of the accumulation goal at|T∗ has to be determined. Remember that the accumulation
goal is deﬁned as the result of a hypothetical accumulation from age t to age T ∗ such that, in
each period, consumption is kept constant at ct and a portfolio is chosen for which the value of
stocks is maximal, under the constraint the the insurance goal has to be met.
Givenastartingvalueofct, savingsareequaltoXt−ct. Theﬁrststepistoﬁndthemaximum
value of stocks st such that bt + st = Xt − ct and the insurance goal is met. Although not very
efﬁcient, the simplest algorithm would solve this problem by starting with the highest possible
value st = Xt−ct. To check whether this choice allows to meet the insurance goal it is sufﬁcient
to check whether this goal can be met if, from the next period on, all savings are invested in
bonds, since minimum stock returns are smaller than bond returns. Furthermore, consumption
is set to the habit level in all following periods. Check thus whether the insurance goal can be
met by setting consumption in the next period to α1ct and bond investments in the next period
to mint Xt+1 − α1ct, and, iterating further, setting ct+i = αict, bt+i = mint Xt+i − αict+i.
30The insurance goal is feasible if all values bt+i are nonnegative for i = 1,2,...,T − t − 1
and XT ≥ αT−tct. If this holds for an initial value st = Xt − ct, then this and bt = 0 is the
optimal investment choice at age t for the chosen initial value of ct. Otherwise repeat the same
procedure for gradually smaller values of st and higher values of bt, until the highest value of
st is found for which the insurance goal can be met. (Possibly, the insurance goal cannot be
met for any portfolio, in which case the accumulation goal takes on a value of zero.) In order to
continue the calculation of the accumulation goal, still for a given initial value of ct, one has to
iterate over time the process of ﬁnding the highest level of stock investments that is compatible
with meeting the insurance goal, taking into account equation (3). This will ﬁnally lead to a
value of the accumulation goal for a given starting level of ct. The efﬁciency of the algorithm
outlined here may be improved by slightly reﬁning its baseline version.
Since the objective function (4) is strictly concave, simple algorithms can ﬁnally be used to
ﬁnd the optimal value of ct.
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Table 2: Median equity shares for age-income cells
Income quintiles Age
<30 30-39 40-49 50-59 60-69 70+
First 0 0 0 0 0 0
Second 0 0 0 0 0 0
Third 0.28 0.36 0.36 0.26 0.26 0.36
Fourth 0.46 0.56 0.48 0.49 0.44 0.41
Fifth 0.65 0.54 0.60 0.57 0.56 0.55
NOTE. Source is the 2001 wave of the U.S. Survey of Con-
sumer Finances.
34Figure 1: Non-ﬁnancial income in the absence of shocks














































35Figure 2: Consumption and income, baseline













































Consumption Non−fin. income Tot. income
Figure 3: Equity shares, baseline














36Figure 4: Consumption and income, higher medical expenditure uncertainty













































Consumption Non−fin. income Tot. income
Figure 5: Equity shares, higher medical expenditure uncertainty














37Figure 6: Consumption and income, lower medical expenditure uncertainty













































Consumption Non−fin. income Tot. income
Figure 7: Equity shares, lower medical expenditure uncertainty














38Figure 8: Equity shares for various income levels














39Figure 9: Consumption and income, ¯ c = 0













































Consumption Non−fin. income Tot. income
Figure 10: Equity shares, ¯ c = 0














40Figure 11: Consumption and income, β = 0.94













































Consumption Non−fin. income Tot. income
Figure 12: Equity shares, β = 0.94














41Figure 13: Consumption and income, ¯ c indexed to household size













































Consumption Non−fin. income Tot. income
Figure 14: Equity shares, ¯ c indexed to household size














42Figure 15: Consumption and income, T ∗ = 2/3 t + 1/3 T













































Consumption Non−fin. income Tot. income
Figure 16: Equity shares, T ∗ = 2/3 t + 1/3 T
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